
Project Introduction

This concept addresses the fact that space exploration is costly, primarily due
to our current need to bring everything with us from the Earth's surface. Truly
robust and affordable space exploration will require that we use all the
available resources we can find in space. The plasma wave concept deals with
two facts: 1. Many planets, and the Sun, possess an ambient environment of
magnetic fields and plasmas 2. Plasmas with magnetic fields can support a
variety of waves, which transmit energy and or pressure, like light or sound
waves. Many of these waves are at radio frequencies (kHz to MHz), and can be
generated using the appropriate antenna. "Appropriate" means the right size
and shape. Plasma waves are considered in fusion power systems,
semiconductor manufacturing, and in some very theoretical electric propulsion
thrusters, such as VASIMR, which still must carry its own propellant. In
contrast, this concept simply uses an on-board power supply and antenna on a
vehicle that operates in the existing plasma. The spacecraft beams plasma
waves in one direction with the antenna, which would generate momentum
that could propel the vehicle in the other direction without using any
propellant on the space ship. Such a system could maneuver in the plasma
environment for as long as its power supply lasted, without needing to be
refueled. One particular wave to consider is the Alfven wave, which
propagates in magnetized plasmas and has been observed occurring naturally
in space.

Anticipated Benefits

A propellantless propulsion system has the potential to revolutionize space
exploration as well as near-Earth orbital transfers by enabling large V
maneuvers and unique station keeping capabilities with significant flexibility
and adjustability not possible with projected advances in conventional nuclear
electric propulsion.
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Primary U.S. Work Locations and Key Partners

Organizations
Performing Work

Role Type Location

Ohio Aerospace
Institute(OAI)

Lead
Organization

Academia Cleveland,
Ohio

Primary U.S. Work Locations

Ohio

Project Transitions

September 2011: Project Start

Organizational
Responsibility
Responsible Mission
Directorate:

Space Technology Mission
Directorate
(STMD)

Lead Organization:

Ohio Aerospace Institute
(OAI)

Responsible Program:

NASA Innovative Advanced
Concepts

Project Management
Program Director:

Jason E Derleth

Program Manager:

Eric A Eberly

Principal Investigator:

James H Gilland

Technology Maturity
(TRL)

Applied
Research Development Demo & Test
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September 2012: Closed out

Closeout Summary: A truly robust space exploration program will need to mak
e use of in-situ resources as much as possible to make the endeavor affordable.
Most space propulsion concepts are saddled with one fundamental burden; the p
ropellant needed to produce momentum. The most advanced propulsion system
s currently in use utilize electric and/or magnetic fields to accelerate ionized pro
pellant. However, significant planetary exploration missions in the coming decad
es, such as the now canceled Jupiter Icy Moons Orbiter 1, are restricted by prop
ellant mass and propulsion system lifetimes, using even the most optimistic proj
ections of performance. These electric propulsion vehicles are inherently limited
in flexibility at their final destination, due to propulsion system wear, propellant
requirements, and the relatively low acceleration of the vehicle. A few concepts
are able to utilize the environment around them to produce thrust: Solar or mag
netic sails , and, with certain restrictions, electrodynamic tethers. These concept
s focus primarily on using the solar wind or ambient magnetic fields to generate
thrust. Technically immature, quasi-propellantless alternatives lack either the se
nsitivity or the power to provide significant maneuvering. An additional resource
to be considered is the ambient plasma and magnetic fields in solar and planetar
y magnetospheres. These environments, such as those around the Sun or Jupite
r, have been shown to host a variety of plasma waves. Plasma wave propulsion
takes advantage of an observed astrophysical and terrestrial phenomenon: Alfve
n waves. These are waves that propagate in the plasma and magnetic fields aro
und and between planets and stars. The generation of Alfven waves in ambient
magnetic and plasma fields to generate thrust is proposed as a truly propellantle
ss propulsion system which may enable an entirely new matrix of exploration mi
ssions. Alfven waves are well known, transverse electromagnetic waves that pro
pagate in magnetized plasmas at frequencies below the ion cyclotron frequency.
They have been observed in both laboratory and astrophysical settings. On Eart
h, they are being investigated as a possible means for plasma heating, current d
rive, and momentum addition in magnetic confinement fusion systems. In additi
on, Alfven waves have been proposed as a mechanism for acceleration of the sol
ar wind away from the sun.

Technology Areas
Primary:

TX01 Propulsion Systems
TX01.4 Advanced
Propulsion

TX01.4.4 Other
Advanced Propulsion
Approaches

Target Destinations
Foundational Knowledge, Others
Inside the Solar System
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